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HISTORY OF THE DISAPPEARANCE OF NATIVE FAUNA 
FROM THE NULL ARBOR PLAIN THROUGH THE EYES OF 
LONG TIME RESIDENT AMY CROCKER 


By J. D. RICHARDS and JEFF SHORT 

CSIRO Wildlife & Ecology, LMB No. 4 PO Midland Western Australia 6065. 


The southern coastal region of 
Australia was first explored from the 
sea by the Dutch in 1627, the French 
in 1792, the English in 1802, and finally 
by Edward John Eyre, who made the 
first overland crossing of the 
Nullarbor in 1841. Initial settlement 
of the area followed, with Yalata 
Station established by William Swan 
in 1858 near Fowler’s Bay in South 
Australia. Further settlement did not 
take place until the 1870’s with 
Mundrabilla Station in 1871, Moopina 
in 1873, Madura in 1876andBalladonia 
in 1880 (Allen 1987). 

One of the early settlers of this area, 
Amy Eda Crocker was born in Albany, 
Western Australia in November 190l 
and at only seven weeks of age, 
voyaged along the southern coast to 
Point Malcolm at the eastern border 
of what is now theCape Arid National 
Park. Here she began her life on the 
Nullarbor, residing between Cape 
Arid and Balladonia Station, until her 
death in November 1989. As a keen 


naturalist, artist and writer, her years 
of observation provide an account of 
the region since the early days of 
European settlement, and man's 
influence on the environment. 

Mrs Crocker provided an overview of 
her impressions of the changing 
fauna within her surroundings, with 
a brief letter written the year of her 
death. Here follows an excerpt of her 
letter, describing the impact of 
European settlement, from a lifetime 
of living on the Nullarbor. 


“Balladonia Station 
via Norseman WA 6443 
My grandfather, Stephen Ponton, 
with his brother William and their 
partner, John Sharp, were ‘the’ 
pioneersof this district, havingdriven 
their sheep and cattle overland along 
the coast from Albany in 1873. They 
settled at Point Malcolm for a few 
years until they discovered Balladonia 
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in 1879. They at once settled here, and 
it has been my family home ever since. 
My parents joined them in 1898, and I 
was born in Albany in November 
1902, my mother bringing me home 
to Balladonia at the tender age of 7 
weeks! Always a keen naturalist, 1 had 
the help of my uncle William Ponton 
Junior as well. He joined his father, 
Stephen, here in 1880. 

In those days, there were lots of little 
Australian animals, even possums, 
which had gone before my day. My 
uncle told me of a strange virus which 
attacked all small marsupials, killing 
many species right out. Possums were 
among these. 1 think this occurred in 
the 1880s or 1890s. 1 was once told by a 
man from the eastern wheatbelt that 
a similar virus occurred there, but 
unfortunately 1 did not know his 
name. 

Of the few animals which survived, 1 
knewthebilbieswell.Theywerefairly 
numerous until late 1917 when foxes 
became established in our district. 
Spotted native cats were also about, 
though not so numerous. 

The introduced fox, is to my mind, 
the greatest pest in Australia. People 
of little experience say the domestic 
cat gone wild is a pest - perhaps they 
are, in certain localities, but speaking 
for this district and from my own 
personal knowledge, wild cats were 
here a good 30 years before foxes came, 
and we still had our own little 
animals. We still had wrens and such- 
like birds, nesting on or near the 
ground - but since foxes, we have lost 
all these creatures, as well as many of 
our large lizardsand our natural bush 
snails. Foxes are even able to get young 
magpies and squeakers [grey 
currawongs] from their roosting place 
in tall trees. 


Foxes have eyes which reflect light 
very brilliantly. So,on moonlit nights, 
they quietly circle the tree in which 
the birds camp. And when the birds 
lean forward, they lose their grip on 
their perch and so drop to theground, 
or near enough for the fox to grab 
them. 

The Government is showing great 
concern trying to prevent starlings 
from gaining a hold in Western 
Australia. 1 wish they had shown the 
same care and vigilance when foxes 
made their way across to Western 
Australia. 

As I’ve told you, the fox was not 
known here until late in 1917 (rabbits 
came to Balladonia in 1904). One of 
the first birds to suffer from foxes 
was the curlew or stone plover. They 
were caught and killed easily and 
within a few years were all gone. Plain 
turkeys used to feed freely here, but 
they too have gone, only coming back 
in good seasons when there is plenty 
of green grass, but they do not stay 
long and never nest here now. 
Babblers, whose long, stick nests were 
so common have all gone too. 1 miss 
these cheeky, noisy birds with their 
deep, scolding voices and sharp 
whistles. Mallee hens have gone too, 
although we meet with one lone 
traveller occasionally. 

In the early 1920s, my brother-in-law 
was Postmaster at Eyre’s Sandpatch. 
My uncle often took us to see my 
sister’s family there. When travelling 
at night we were amused by the 
number of little rat-kangaroos 
jumping across the road in the car 
lights. Such great leaps for such a small 
animal! There were lots of other 
running and hopping little creatures 
too, but they have all gone now. Foxes 
are responsible for these. But we had 
some other little burrowing creatures 
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here at Balladonia. in the very early 
days, before foxes. They were called 
Boodie rats, and 1 believe they were 
about the size of a small rabbit. I never 
saw them, as the virus had killed them 
all before my time, but they made 
huge warrens which can still be seen 
today, in the limestone ridges. They 
dig deep and under great slabs of 
limestone. When rabbits came in 1904 
they found ready made homes in the 
Boodie warrens, and use them to this 
day. 

Another strange little mouse-sized 
animal we used to have, was one 
which collected the round, hard 
stones of the jamberry or quandong 
(Wild Peach). These have very nice 
kernels and the little mouse took 
them in its forepaws, and having a 
pair of very strong teeth in the front 
lower jaw, they would rotate the nut 
against these with their paws and eat 
a large round hole enabling them to 
eat the kernel. 1 have some of these 
nuts but 1 never saw the mouse, 
though I've looked carefully in 
hollow trees for them where many of 
the stones were stored. But I think 
they were all gone before my time 
and my uncle agreed with me. We 
had the Possum Dormouse until a 
few years ago, but I’ve not seen one 
for some years. 

Amy E. Crocker.” 

Mrs Crocker contributed additional 
information about introduced 
animals during an interview with 
Chris Jeffery from the WA Oral 
History Programmein 1978.She relates 
that “The rabbits did an awful lot of 
damage because they ringbarked the 
trees...they just simply cut them, and 
cut them down until they killed 
them...And the foxes...killed out most 
of our little marsupials [and] our 
ground birds.” She believes that the 


distribution of foxes originally 
followed the spread of rabbits. "I don’t 
think anyone realises that doesn't live 
out in these places how bad the foxes 
are...if it's not a good season, and the 
ewes are a bit weak, they get tired of 
guarding their Iambs and the foxes 
just take them”. 

Predation and competition by feral 
animals are commonly regarded as 
primary contributors to the decline 
and extinction of native species 
(Jarman 1994). Although Mrs 
Crocker’s story is anecdotal and we 
can never be certain of the precise 
species to which she refers, it provides 
some early record of the impact of 
foxes and rabbits. Her dates 
approximate those already known 
for the introduction and spread of 
foxes and rabbits, with rabbits first 
recorded in the region around 1896 
(Stodart and Parer 1988)and foxes first 
reported 160 kilometres west of the 
South Australian border in 1915 (Long 
1988). 

The time of disappearance of the 
burrowing bettong or 'boodie rat’ 
(Bettongia lesueur), is of a more 
uncertain nature. Burbidge (1995) 
suggests that their disappearance 
from Western and Central Australia 
coincided with the spread of the fox. 
While it had disappeared from 
Victoria by 1863 (Burbidge 1995), it 
persisted in the wheatbelt of Western 
Australia until as late as the 1940s 
(Kitchener and Vicker 1981) and 
possibly in the Northern Territory 
until the 1960s (Finlayson 1961; 
Burbidge et ai 1988). The last record 
from the Nullarbor region is from 
Rawlinna in 1928 (Short and Turner 
1993). Mrs Crocker suggests that they 
had already become extinct prior to 
the introduction of foxes in the 
Nullarbor region.duetosome'strange 
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virus”. Shortridge (1909) also reports a 
disappearance of species first noticed 
in 1880, thought to be caused by a 
disease which "appeared to be a kind 
of marasmus”. 

Feral cats rate a brief mention. The 
time of the first introductions of cats 
to Australia is unknown, with some 
evidence suggesting that it may have 
been prior to European settlement 
(Dickman 1993). It is possible that the 
spread of cats brought potentially 
fatal parasites and diseases such as 
toxoplasmosis (Lenghaus et ai 1990; 
Obendorf and Munday 1990) in 
contact with the native fauna which 
could account for the mystery virus. 
Toxoplasmosis is recognised as a 
“common cause of death in captive 
and wild Australian marsupials" 
(Reddacliff et al. 1993). 

The "rat-kangaroos" which survived 
until the 1920s were almost certainly 
the Brush-tailed Bettongs (Bettongia 
penicinata).These were known tooccur 
across the Nullarbor region and have 
persisted in the south-west of 
Western Australia in isolated pockets, 
despite the presence of foxes. Bilbies 
(Macron’s /agotis) were common 
throughout the arid and semi-arid 
zones of Australia until the early 1900s 
Oohnson 1995) and still remain in 
Central Australia. Their decline is 
thought to be due to a number of 
factors, including introduced 
predators Uohnson 1995). 

A. J. Carlisle, another long-term 
resident of the Nullarbor region, 
reported that a major decline in 
mammal species occurred in the 1930s. 
He recalls observing ‘zebra rats' 
(thought to refer to the Western 
Barred Bandicoot Perameles 
bougainvil/e),Stick-Nest Rats(Lepon'llus 
conditor), Rabbit-eared Bandicoots or 
Bilbies(Macrotis/agoti5),and‘Grass-nest 


Rats’ (thought to be the Brush-tailed 
Bettong) prior to 1938 (Brooker 1977). 
All of these animals are now regarded 
as extinct in the Nullarbor region of 
Australia (Strahan 1995), the first two 
being extinct on the Australian 
mainland. Carlisle records the last 
sightings of the Brush-tailed Bettong 
and Native Cat on the north-western 
Nullarbor in 1938 (Brooker 1977, 
Boscacci et ai 1987). 

It is likely that Mrs Crocker's reference 
to "other running and little hopping 
creatures" may include the Western 
Barred Bandicoot and Stick-nest Rats 
seen by Carlisle. The Western Barred 
Bandicoot was last col lected at Ooldea 
to the east of the Nullarbor Plain in 
1922 (Kitchener and Vicker 1981) and 
Rawlinna in Western Australia in 
1929 (Friend 1990). The Greater Stick- 
nest Rat was formerly distributed 
across the semi-arid and arid zones of 
Australia (Copley 1993) but had 
become rare by the middle of the 19th 
century and then only survived on 
the mainland where sheep and cattle 
had not become established 
(Robinson 1995). They were last 
collected in the Nullarbor region in 
the 1930s (Copley 1993). 

There is some evidence that the 
Western Pygmy Possum (Cercartetirs 
concinnus) resided in the Nullarbor 
region around Eyre (R.A.O.U. 1982), 
which may have been Mrs Crocker’s 
“Possum Dormouse" (Smith 1995). 
Larger possums (Trichosumsvulpecula) 
are known from fossil evidence to 
haveoccurred in this area but are now 
rare in central Australia (Baynes 1987; 
How and Kerle 1995). The Western 
Mouse{Pseudom}»s occidentalis) has been 
associated with accumulations of 
chewed quandong (Santalum 
acuminatum) nuts (Whisson and 
Kitchener 1995). The nuts are found 
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with the kernel extracted by a "small 
chewed hole in the hard seed casing" 
(Morris et al. 1993), in a similar fashion 
to that described by Mrs Crocker. The 
species no longer occurs in the 
Nullarbor area, but past distributions 
from fossil evidence include the 
Balladonia region (Whisson and 
Kitchener 1995; Baynes 1987). The 
Western QuollorNativeCat(Da5yuru5 
geoffroii) was widespread throughout 
the Nullarbor in the early 19th 
century but has now declined to a 
small area in the south-west of 
Western Australia (Serena and 
Soderquist 1995). 

Malleefowl (Leipoa ocellata) were 
formerly abundant across the 
southern and central mainland of 
Australia (Priddel and Wheeler 1994) 
and were patchily distributed across 
the Nullarbor in the Cape Arid to 
Eucla area (Storr 1987). They nest on 
the ground and their decline during 
the last century has been attributed 
to predation by foxes and feral cats 
(North 1917: McColl 1929; Griffiths 
1954), as well as other factors such as 
habitat loss and fragmentation (Frith 
1962), and changes in fire regimes 
(Benshemesh 1992). The Australian 
bustard (Ardeotis australis) or "plain 
turkey", is also a ground-nesting bird 
(Grice et ai 1986), still occurring 
throughout the arid zones of 
Australia (Blakers et al. 1984) and 
common in good years on the 
Nullarbor Plain (Storr 1987). The bush 
thick-kneeor "stone plover”(Burhinus 
magnirostris) has not been recorded in 
this area (Storr 1987). White-browed 
Babblers (Pomatostomus superciliosus) 
are still found across the Nullarbor 
(Blakers et al 1984). It is possible that 
thick-knees occurred across the 
Nullarbor and probable that all these 
birds mentioned by Mrs Crocker have 


indeed decreased in abundance in the 
Balladonia region since the 
introduction and spread of foxes and 
feral cats. 

The "natural bush snails” are most 
likely to be from the Bothriembryon 
genus, with white, high-spired shells 
and commonly 20 to 30 mm long. 
Other native snails of the region are 
smaller and unlikely to be noticed by 
people or foxes (Johnson, M. S. 
University of WA pers comm.). 

The use of oral history to reconstruct 
the past environment is a useful tool 
(Burbidgeetal. 1988). The collection of 
information from reliable sources 
should be documented while the 
ability to do so still exists. While 
accuracy may be questioned, there is 
also a wealth of information that is 
reliable, particularly when the 
opportunity arises for verification by 
a number of alternative sources. 
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BORANUP BOSSIAEA (BOSSIAEA DISTICHA): 
DISTRIBUTION AND BIOLOGY 


By GREG KEIGHERY 

Department of Conservation and Land Management. 
PO. Box 51. Wanneroo. 6065. 


ABSTRACT 

The distribution of the restricted plant, the Boranup Bossiaea 
(Bossiaea distic/ia) is detailed. The species contains three distinct 
forms.oneaprostratecoastal ecotype,theothersdifferingin flower 
colour. While largely centred on the Boranup Forest, the species 
extends along the Leeuwin-Naturaliste Ridge to the north and 
south. The species is well conserved in Leeuwin-Naturaliste 
National Park. 


INTRODUCTION 

Bossiaea disticfia is a striking feature of 
the Karri forest in the Boranup area 
in spring, where it often forms a 
dominant component of the lower 
shrub layer. The species has a very 
restricted range (Keighery, 1981) com¬ 
pared to many other members of the 
Fabaceae of Western Australia. It has 
been thought of as restricted to the 
Boranup State Forest, and has been 
listed in many rare plants reports as 
actually or potentially rare(Marchant 
and Keighery, 1979 and Briggs and 
Leigh, 1981). However, little detailed 
survey has been undertaken on this 
species. In 1990 as part of a wider 
survey of the rare flora of the Scott 
Plains (Keighery and Robinson, 1992) 
I was able to undertake a survey of 
the distribution of Bossiaea distic/ia. 


DISTRIBUTION AND VARIATION 
OF BOSS/AEA DISTICHA 

The distribution of Bossiaea disticha is 


shown in Figure 1. Unlike previous 
assumptions the species is not 
confined to the Boranup Forest, but 
extends from Ellen Brook to Cape 
Leeuwin. along the southern half of 
the Leeuwin-Naturaliste Ridge, a 
range of 55 kilometres. Interestingly 
Bossiaea distic/ia does not cross the 
Blackwood estuary (However, three 
feral plants are established on the 
verge of Dalton Road, south of Scott 
River Road, in this area) despite ap¬ 
parently suitablehabitat(Karri forest) 
being present on the adjacent shore. 
The poorly drained clayey soils and 
occasional inundation of this area are 
not able to be colonised by Bossiaea 
distic/iawhichdoesnotgrowinwinter 
wet or poorly drained sites.This 
coNfines the species to the well 
drained loams and granites of the 
Leeuwin-Naturaliste Ridge, west of 
the Black-wood River, in the 
southern portion of its range. The 
northern limit of the species range 
corresponds to the 1,000 mm isohyet, 
and the eastern limit, in this area, by 
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Figure 1. Distribution of Bossiaea distic/ia 
Area A; brown flower colour form. 
Area B: yellow flower colour form. 
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the decreasing rainfall and the lack 
of suitable soils (granites and Karri 
loams). All of these factors restrict the 
occurrence of Bossiaca disticha to the 
southern half of the Leeuwin- 
Naturalista Ridge. 

Only Acacia subraccmosa (truly 
confined to the Boranup Karri Forest) 
and Kennedia macrophylla (confined 
to Cape Leeuwin) have more re¬ 
stricted ranges in the area. The Acacia 
is abundant in the Boranup Forest, 
and well conserved. However, the 
Kennedia occurs as scattered disjunct 
populations and is legally protected 
as rare flora. 

Bossiaca disticha grows in Karri 
(Eucalyptus diversicolor) forest, Marri 
(Eucalyptuscalophylla) forest, low forest 
or woodland and granite heath. As 
noted previously the limits on the 
occurrence of this species seems 
mainly determined by rainfall and 
soil type. 

Within this area two distinct flower 
colour forms occur, as illustrated in 
Figure 2. The northern colour form 
has brownish flowers and is found 
only in the Ellen Brook area. Fortun¬ 
ately most populations occur within 
Leeuwin-Naturaliste National Park. 
Southern populations have flowers 
with distinct yellow markings, and 
are relatively uniform throughout 
the remainder of the species' range, as 
shown by the dashed lines on the 
accompanying map. Both of these 
colour forms are pollinated by the 
same suite of solitary bees (Tricholettes 
sp), and probably repre-sent minor 
genetic differences. Though the 
colour differences are striking on 
living material dried flowers fade to a 
uniform brown after several years 
and onecannot easily ascribe the type 
collection with its vague locality to 
either form. Hence no taxonomic 


status is given to these variants; rather 
they should be conserved as distinct 
local variants of this species. 

The few other documented cases of 
geographically based variation in 
flower colour of native peas also have 
not been given formal taxonomic 
status. Keighery (1985) demostrated 
that the Middle Island form of 
Kennedia nigricans has a orange rather 
than the yellow eye on the mainland 
and breeds true from seed. The Cape 
Range form of Su^aisonia (Cliant/ius) 
formosus has a red rather than the 
black boss found throughout the rest 
of the species' range. This form also 
breeds true from seed. 

Another variant is found in coastal 
granite heath on Cape Leeuwin and 
Cape Freycinet. This is a prostrate or 
low spreading shrub with short 
internodes, giving the plant a very 
leafy appearance. Material form Cape 
Freycinet retains this habit when 
grown from seed, suggesting the trait 
is genetically fixed. 

Despite this species restricted range it 
does contain a number of distinctive, 
interesting variants, all of which 
fortunately occur within conser¬ 
vation reserves. This species despite 
its limited range, seems to be 
adequately represented in conser¬ 
vation reserves. 

BIOLOGICAL NOTES 

Bossiaea disticha is a single stemmed 
shrub, killed by fire, that produces 
hard seeds which germinate pro- 
lifically the following winter. These 
produce dense even aged stands of 
plants. Flowering commences the 
second spring after a summer fire, but 
can commence the spring after a 
spring fire the previous year. Plants 
reach maximum seed production 5 
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Figure 2. Flower Colour Forms of Bossiaea disticha. 

(1) Northern Brown Flowered Form. 

(2) Southern Yellow Form. 
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to 7 years after a fire event, and 
continue to flower and seed for at 
least another 5 to 7 years. There is no 
longer term data than this at present. 
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SEASONAL CLIMATES AND FLOWERING TIME 


By J. GENTILLI 

Department of Geography, University of Western Australia, Nedlands 6907 


ABSTRACT 

A study of thef lowering times of plantspecies in Kings Park and in 
thehillsaround Kalamunda has made it possible tocorrelate these 
times with the average seasonal variations of several climatic 
elements: daylength, global radiation, ultraviolet radiation, 
atmospheric ozone, temperature, dewdays, rainfall.Great caution 
isneededwhencorrelatingthesestronglyseasonaldataThefinding 
of strongnegativecorrelation between ultraviolet radiation (UVR) 
and flowering may be very significant. Slight differences in 
flowering time were found according to the main colour of the 
flowers, and (for introduced species) according to geographical 
origin. 


INTRODUCTION 

Publication of the very interesting 
and informative paper by Bennett 
(1995) on the plants of Kings Park 
coincided with the publication of the 
beautiful field manual on the 
wildflowers of the West Coast Hills 
by John Marshall and members of the 
Darling Range Branch of the Wild- 
flower Society of Western Australia 
(Marshall et 1995). Both works 
contain lists of plants with their 
months of flowering. A comparison 
of the data listed may add further 
interest. The timing of flowering in 
relation totheseason’sclimateappears 
worthy of some study. 

The Bennett paper distinguishes 
between species native to Kings Park 
andspecies naturalised there, butdoes 
not give the actual region of origin of 
the latter. This leads to unexpected 


results just because of the strict accu¬ 
racy of the criteria followed. The most 
extremeexampleisthatoftheGerald- 
ton Waxflower (C/iamelaucfum 
uncinatum) which is listed as 
naturalised in Kings Park because it 
does not occur there naturally. On 
the other hand its southernmost 
natural occurrence is in a very similar 
environment at Bold Park, only a few 
kilometres away. The yellow- 
flowered Evening Primrose 
(Oenothera drummondu) comes from 
Texas, the Field'Poppy (Palaver r/ioeas) 
and many other field plants from 
Europe. The Arum Lily Zantedeschia 
aethiopica,the Baboon Flower Babiana 
stricta, Freesia sp., Watsoru'a spp., 
Pelargonium capitatum and several 
other garden species and the 
unwelcome Veldt Grass Ehrharta 
calycina come from South Africa, 
which has diverse climates. Many 
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escaped garden species and practically 
allescaped field species usually grown 
for food or fodder have been subject 
to selective breeding and their 
response to theclimaticenvironment 
may have been affected and probably 
reduced. 

The Marshall et al. book includes all 
plant species flowering in the 
Kalamunda Shire. The number of 
naturalised species is smaller than in 
Kings Park. On the other hand the 
species listed have been separated by 
the prevalent colour of the flower. As 
defined in the book, white includes 
cream and other off-white shades, 
yellow includes orange, red includes 
pink and lilac, blue includes purple. 
A category ’’other" include mixed 
colours, brown, bronze, greeny- 
brown (which could all be grouped 
under brown), but also green and 
grey-white. This broad classification 
by colour allows the introduction of 
an interestingpointof view.asshown 
by the significant differences which 
are discussed further and are 
illustrated in Fig. 8. 

DEFINITION AND LAG OF BASIC 
CLIMATIC FACTORS 

Climatic records are kept by the 
Bureau of Meteorology, and monthly 
averages for the most frequently used 
climatic elements have been pub¬ 
lished in metric units. Some other 
mean monthly data from other 
Bureau publications have been as¬ 
sembled and converted to metric 
units (Gentilli 1971). Solar radiation 
data are taken from Spencer (1976). 
Measurements of ultraviolet radi¬ 
ation were discussed and shown by 
Gies et al. (1994). 

The length of record varies con¬ 
siderably, from the longest period (for 


the amount of rainfall, from 1876) to 
theshortest periods of only a few years 
for low cloud and some wind data, 
and one year for ultraviolet radiation. 
As to the flowering time, some plant 
species probably combinea long-term 
response to theclimaticstimulus now 
already part of their genetic make¬ 
up, with a short-term response to 
marked climatic aberrations, such as 
an unusually longdrought.Tostudy 
the latter phenomenon one would 
need separate observations of 
flowering times from each month in 
each year, and the corresponding 
climatic data. The biological part of 
this database is the essential part of 
phenology and is still not available at 
present, with the exception of some 
agricultural data, notwithstanding 
its having been advocated nearly half 
a century ago (Gentilli 1949). 

A note of caution is needed. Solar 
radiation data, and consequently 
temperature data in all except sub- 
equatorial latitudes, are subject to a 
very distinct seasonal rhythm. With 
the same exception, the flowering 
cycleof plants isalsosubjecttoastrong 
seasonal rhythm.Therefore, very close 
statistical correlations between 
monthly climatic data and monthly 
flowering of plants need not neces¬ 
sarily result from a cause-and-effect 
relationship and may be due to a 
simple similarity of rhythm or con¬ 
comitance in more or less parallel 
series of monthly data. 

The study of these correlations is also 
complicated by the fact that, since 
flowering is a complex physiological 
activity of the plant, a certain time 
may have to elapse between the 
climatic stimulus and the actual 
flowering. This time delay or lag may 
be minimal for the proverbial 
mushrooms and very long indeed for 
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Figure 1. Some typical climatic elements for Perth,W.A. The arrows show the highest 
monthly value. Thedoublelineshows the monthly number of plant species flowering 
in Kings Park: notice how. especially in its rising section, it lags behind the graphs of 
climaticelements. 
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large trees. Fig. 1 shows monthly 
averages of some of the climatic 
elements most likely to have some 
significant effect on flowering time. 
The graph shows these averages on a 
logarithmic scale in order to fit data 
which, according to the units used, 
range from hundreds for solar 
radiation, ozone and rain (at the top) 
to just over 1 for low-cloud cover in 
summer (at the bottom). A great 
advantage of the logarithmic scale is 
that equal rates of change (here, from 
month tomonth)areshownby equal 
slopes. On an ordinary (arithmetic) 
scale a doubling, say, from 100 to 200 
would look enormous, while a 
doubling from 1 to 2 could hardly be 
detected. Fig. 1 thus shows clearly the 
different rates at which the various 
climatic elements progress through¬ 
out the year. It also shows, of course, 
which elements peak in winter and 
which ones do so in summer, also, 
which ones have a steep and sharp or 
a low and shallow peak. 

An added complication, which shall 
not be studied here and on which 
there is a most extensive literature, is 
the effect of cycles, from the obvious 
cycles in species with a biennial life¬ 
span to the more subtle ones of many 
perennial plants, besides of course the 
elusive cycles in climatic events. 

Since, as shown in Fig. I. all data are 
represented by curves based on 
monthly numbers, any statistical 
analysis can only show how closely 
the various curves resemble one 
another. The closeness of the 
resemblance between any of these 
curves may be expressed by r or R. the 
coefficient of correlation (or 
regression, as it was originally called). 
R ranges from 0 (no resemblance at 
all) to 1 (identical). R^ the square of 
the coefficient R. which drops much 


more rapidly from 1 to 0, is much 
more reliable. Adjusted R^ is further 
reduced version of R^ to allow for the 
smallness of the sample, in this case 
only the 12 monthly data. SE is the 
standard error which might be 
expected when calculatingy(here. the 
number of species in flower in a given 
month) from the value of x (any 
climatic factor for the same month). 
The often extraordinarily small 
valuesofphereexpresstheprobability 
that the close similarity between the 
curves examined may be due to 
chance; it must not be taken as a 
measure of any other relationship. 


THE EFFECT OF RAINFALL ON 
FLOWERING TIME 

The native plants from Kings Park, 
which constitute a geographically 
more homogeneous population, will 
be examined first. The double line in 
Fig. 1 shows the number of native 
species in flower in each month,from 
aminimumof about20inFebruary- 
March to a maximum of some 220 in 
September-October. As the slope of 
the line shows, the rate of climb f rom 
the summer minimum to the spring 
maximum, taking 6 months, is much 
slower than the 4-month drop from 
thespringmaximumtothefollowing 
summer minimum. 

It is a general principle that, where a 
necessary climatic element is in short 
supply, plants are much more 
sensitive to it. A thorough exam¬ 
ination of the temperature relation¬ 
ships of plants was already due to De 
Candolle (1855). Schimper (1898) 
quoted experiments which showed 
that, other things being equal, drier 
conditions tended to induce 
flowering, while increased watering 
tended to reduce it. In Western 
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Australia temperature (except for 
damage by extreme heat) is not a 
limiting factor, but rainfall is. Fig. 1 
shows that the climaticelement with 
the most similar (but much more 
symmetrical) seasonal pattern to that 
of floweringtimeis rainfall However, 
if the number of flowering species in 
any month were plotted against the 
rainfall for the same month one 
would obtain the pattern shown by 
the small circles, dashed line and 
cursive letters in Fig2. Nostrong trend 
can be seen in the straight dashed line 
which runs nearly horizontally from 
March (near left) to June (far right). 
Proceeding anti-clockwise, from July 
to October (highest point on the 
graph) the rainfall decreases while 


more and more species blossom. In 
October-November the lag decreases, 
and throughout the summer it 
remains minimal 

The two graphs (rainfall and 
flowering time) in Fig. 1 show that 
flowering time lags behind rain by 
about 2 months in summer, and falls 
further behind until the lag grows to 
over three months at the peak of the 
winter rains. This lag persists at about 
three months throughout the 
autumn. In practice it will also vary 
slightly according to climatic 
fluctuations that may occur from 
year to year, and of course to the 
adaptation and tolerance of the 
plants as species and as individuals. 



Figure 2. Correlation between mean monthly rainfall and number of native plantspecies 
blossomingin Kings Park.Thesmallcirclesandcursivelcttcrsalongthedashedlineshowtotal 
rainfallandfloweringplantspeciesforeachmonth.inananticlockwisesequencebecauscthe 
correlationispositive.Thereisalmost nocorrelation f rom January toJune(ncar-horizontal 
line),andastrongscasonalcycleforthercmainderoftheyear.lfalagof2to3monthsisalIowed 
fortheeffectoftherainonflowcring.thccorrelationbecomesalmost perfect (black squares 
andstraight linedheletterbeforeeachslashshows the month of rain, thataftertheslash the 
monthoffIowering).On theavcrage,and with thislag.eachadditionalmillimetreof rainfall 
in the month coincides with one morcspeciesin blossom. 
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If the monthly rainfal I is 'lagged' by 2 
or 3 months as mentioned above, the 
correlation becomes near-perfect (Fig. 
2), with R = 0.99. = 0.98. adjusted R^ 

= .97. and p = 0.0001. The equation 
reads 

Flowering native species = 7.43 +1.04 
rainfall (equation 1) 


The straight regression line expressed 
by this equation is rather steep; for 
every millimetre of rain in a month 
(lagged) there will be just over one 
additional plant species in blossom 2 
or 3 months later, according to the 
season. 

An interesting question arises: what 


y - -.132x + 4.96, R-squared: .8 72 



y - -.1 17x + S.358, R-squared: .822 



■fa 


Figure3.Correlationof(a)mean9.00cemperaCureand(b)mean maximum temperature with 
thelag between rainfailand number of floweringspecics(asshown in Fig.2).Thehigher the 
temperature.theshorterthelag.Afallinmeanmonthlytcmpcratureofabout6*C would defer 
theeffect of rainfall on blossomingspeciesbyabouta month. 
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is the cause of the lag between rainfall 
and flowering? 


THE TEMPERATURE FACTOR 

In different climatic regions low 
temperatures and/or short days and/ 
or inadequate solar radiation slow 
down, or downright impede, plant 
functions. In Western Australia 
daylength and solar radiation are 
more than adequate for good plant 
growth, but midwinter has 
temperatures which are marginally 
too low. Native plants do not shed 
their leaves, but their functions are 
slowed down. The colder it is, the 
longer it takes for the plant to respond 
to the beneficial effects of the rain. 

In Fig. 3 the lag between rainfall and 
flowering obtained from Fig. 1 is 
plotted against two monthly 
measures of temperature*, the mean 
at 9.00 hours in (a) and the mean daily 
maximum in (b). The mean 
temperature at 9.00 hours (Fig. 3a) is 
most representative of overall 
thermal conditions because it is not 
too drastically affected by extreme 
events such as heat waves or. rarely, 
frost. The statistical relationship is 
expressed by 

Rain/flowering lag=4.96-0.13 temp¬ 
erature at 9.00 h (equation 2) 

with R = - 0.93. R2=0.87, adjusted 
0.86, standard error 0.23, p = O.OOOI. 
The greatest discrepancy between 
graphically estimatedandstatistically 
calculated lags is found in March and 
November, transition months in 
which climate is very variable and, 
because of the steep slopes of the 
graphs in Fig. 1, estimates can only be 
approximate. 

Mean maximum temperatures (Fig. 
3b) correlate almost as closely with 


the extent of the lag for the 
corresponding months,except for the 
sametransitionmonthsofMarchand 
November. The equation is 

Rainfall/flowering lag = 5.36 - 0.12 
mean maximum temp, (equation 3) 

with R = -0.91, R}= 0.82, adjusted R^ = 
0.81, standard error 0.27, p = 0.0001. 


ULTRAVIOLET RADIATION 

Among the climatic data shown in 
Fig. 1, ultraviolet radiation (UVR) 
stands out because of the shape of its 
curve, which is almost the exact 
opposite of that for rainfall. This 
negative coincidence deserves some 
attention. 

Fig. 4 shows that, as was the case with 
rainfall, in any given month UVR 
shows no correlation with flowering 
time. The small circles show the 
clockwise monthly sequence, and the 
thin nearly horizontal dashed linethe 
almost non-existent statistical 
correlation. 

If, however, a delay of 3 months is 
allowed for UVR to have some effect 
on flowering time, statistical 
correlation becomes very close indeed, 
as is shown by the black dots and the 
parabolic curve in Fig. 4. Correlation 
would still be very close (R= -0.91, adj. 
R2 = 0.82. SE = 29.99, p = 0.0001) if a 
straight line were fitted, but a 
paraboliccurveshowsanear-identity: 

flowering native spp. = 309.28 - 21.81 
UVR + 0.43 UVR^ (equation 4) 
with R = -0.99. R2 = 0.97, adj. R^ = 0.97, 
SE = 12.33, p = 0.0001. A very similar 
result wasalsoobtained by estimating 
the time lag from the curves in Fig. 1, 
as had been done for rainfall. 

This negative relationship may give a 
statistical confirmation to the view 
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V = 7.239 ♦ .786x - .032x2 
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Figure4. Correlation between ultraviolet radiation and numberof flowering native plant 
speciesinKingsPark.{a)AsinFig.2.smallcirciesandcursivelettersshowtheposiCionofcach 
monthonthegraph.clockwiseherebecauseofthenegativecorrelation.Ifastandardlagof 3 
monthsisapplied.each month's UVRcorrelateswichthenumber of species blossoming 3 
months later. hcnceNov/Feb.D/March..June/S,etc with the blackdotsonthcgraph.The 
general trend could be roughly represented by a straight line, but as the graph shows, a 
paralx)liccurvegivesamost satisfactory imageofthisveryclosecorrelatioaAstheequationat 
thetopshows,amonthlyincreaseofUVRofaunitperdaywouldcoincidcwithafallofover 
21speciesin flower three monthsIater.{b)Correlation between mean9.00tcmpcratureandlag 
between UVRvaluesand number of native plants flowering. In thiscase two refinements 
have been introduced: lags have been estimated from the graphs in Fig. 1. and have been 
expressedin weeksinsteadof months. Coldincreasesthelag(i.e.deferstheeffcct),heat shortens 
it.NoticetheveryrapidchangesduringthetransitionaIseasonsofSpringand Autumn. 
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that UVR has an inhibiting effect on 
flowering. The parabolic relationship 
in equation (4) and Fig. 4 may be seen 
as another example of acceleration of 
processes past the equinoxes, and 
deceleration around the solstices. 


REGIONS OF ORIGIN 

The regions of origin of naturalised 
species may be found from various 
sources, among which most recent 
and informative for the Perth region 
are the two volumes by Marchant et 
al. (1984). In the past, unfortunately, 
the naming of most geographical 
sources, particularly for early-named 
species, was far too general: South 
America was often given as just one 
area of origin, and yet it is a very large 
continent with a great variety of 
latitudinal as well as altitudinal 
climates. Cape Town has a climate 
very similar to that of Perth, but in 
South Africa the rainfall regime 
changes rapidly cowards the east and 
becomes very similar to that of 
Queensland, with wet summers and 
dry winters - and yet all non-South- 
African publications are content 
with "South Africa" as one region. 
Like Fig. 1, Fig. 5 is also drawn on a 
semi-logarithmic scale, so that equal 
rates of change are shown by equal 
slopes. In the order of their greatest 
monthly numberoffloweringspecies 
in Kings Park, the regions sufficiently 
represented are: Europe including 
Britain (but excluding the 
Mediterranean region, 46 species 
flowering in October), South Africa 
(32 in September), mainland Europe 
(i.e. excluding Britain and the 
Mediterranean. 31 in October), the 
Mediterranean region (16 in October), 
and South America (7 in October and 
7 in November). Most of the species 


listed in early years as coming from 
Britain are also found in continental 
Europe, but very likely their seeds 
were actually imported from Britain. 
The peak of flowering varies little 
with geographical origin, except for 
South African plants which in Kings 
Park blossom a little earlier than 
plants from elsewhere. The curve 
showing their time of flowering rises 
more steeply than any of the others, 
and the lag of their flowering time 
persists around 3 months behind the 
rainfall for most of the year. All in all, 
their response to rain seems much 
more direct than occurs in the much 
larger and varied population of 
Western Australian native plants; 
this may be in good part due to the 
fact that some 20 ot these South 
African species are equipped with 
bulbs. 

A comparison of climatic data shows 
thatCapeTownisslightly cooler than 
Perth, particularly in the warmer part 
of the year, and much drier except in 
summer. 

It may well be that many South 
African plants are slightly held back 
by the drier Perth summer, and then 
respond vigorously to the (for them) 
unusually plentiful supply of water 
from March-April onwards, with a 
minor peak of flowering in May. This 
interpretation would conflict with 
the experimental results quoted by 
Schimper (1898). 

Some plants of European origin show 
a minor peak of flowering in March- 
April. Perhaps their flowering at that 
time is influenced by the shortening 
daylength, as it might well have been 
in their original home, rather than by 
rainfall. It is only a small number of 
species, but this peculiarity makes 
them interesting, themoreso because 
Western Australian native plants do 
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Figures. Monthly numberofspeciesin blossom in Kings Park, by region oforigin. Notice the 
snaall but distinct Autumn pcakinnurntDcrsoffloweringpIantsofEuropeanor Mediterranean 
originandthelessmarkedirregularitiesamongintroducedplantsfrom other continents. In 
contrast.thegraph of nativespeciesin blossom issmooth{butcomparewithFig.6,wheretherc 
isasmall Autumn peak). Could thegreaterdifferencesbeduetoageneticallyset remnant of 
theeffectsof Northern HemisphereSpring?SouthAfricanplantshave4speciesbIossomingin 
Mayandonly3in]une,andtheirfloweringpeakfallsearIy,inSeptemberrathcrthan October, 
but this may bedueCovariouscausesas mentioned in the text. 
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Figure6.NumberofplantspecicscomingintobIossom in Kings Park each month,by regions 
oforigin.aIsorainfalI(doubIedashedUne,scaleatright)andUVR(VvvvVline.scaleatleft) All 
curvesaremoreslenderthanthoseofFig.S.and their peaksaresharper.Nativeplantsshowa 
minorpeakoffloweringinMarch-April.andoverseaplantsinOctober.Noticethelagbetween 
rainfall and UVRononehand.and number of speciescomingintoblossomontheother. 
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not show this habit at all (Fig. 5). 

Plants of American origin are too few 
and their actual ancestral region too 
uncertain tosupport any meaningful 
hypothesis. 


THE MONTH OF FIRST 
FLOWERING 

Bennett s and Marshall et ais studies 
show that flowering time may last 
f rom one to twelve months according 
to the species, with the majority 
flowering during two or three 
months. A distinction should be 
made between thebeginningand the 
duration of flowering, the latterbeing 
influenced by additional factorssuch 
as genetics and size of the plant, roots 
and soil and moisture conditions, 
flower texture,structure, pollination, 
etc. 

A comparison of Figs. 5 and 6 shows 
that in the latter the number of 
species in blossom in any one month 
is considerably reduced. Graphically, 
the rises and falls with the seasons 
appear much steeper. Not only does 
the April-May minor peak of 
flowering persist in some naturalised 
species, but it also appears in April 
among a few Western Australian 
native species. Furthermore, an 
October 'shoulder' appears in the 
flowering times of naturalised plants. 
Pending further research, not too 
much importance should be given to 
this behaviour of a few species; 
observations should continue, if 
possible, over a number of years. 

The minor late-autumn peak and the 
embryo late-spring 'shoulder' hint at 
someslightsetbackintheintervening 
winter flowering. It is usually 
assumed that this is due to low winter 
temperatures, but in fact 'the 


lowering of winter temperatures’ is a 
more meaningful expression. A 
correlation of any measure of 
temperature (mean maximum or 
minimum, wet- or dry-bulb 
temperature at 9.00 or 15.00 hours) 
with the estimated 'loss’ of flowering 
in the four coldest months gives 
correlations above 0.90. Correlation 
withtheamountoflowcloud(which 
is usually dense cloud) gives R = 0.92, 
adj. R^= 0.76 with p = 0.08. These very 
significant values confirm the 
desirability of further research into 
the role of radiation. 


FLOWER COLOURS IN THE 
KALAMUNDA HILLS 

Marshall et al/s book does not 
distinguish the species according to 
origin (this could be done by 
consulting Marchant et ai, 1984). but 
there are some interesting data on 
flower colour. Fig. 7 shows that plants 
with white-coloured flowers 
dominate throughout the year, 
followed very closely by those with 
yellow and those with red flowers. 
Between February and April about 
three times as many red-flowered 
plants are in blossom than yellow- 
Howered ones. The slight 
predominance of yellow over red 
Howers lasts only during the peak 
flowering time, from June to early 
November. 

The period with fewest blue¬ 
flowering plants in blossom is longer, 
f rom February to June. In June there 
arestill only 4 species displaying blue 
flowers, compared with 38 species 
with white. 23 with yellow and 21 
with red flowers, all nearing their 
peak. This peak lasts from August to 
October, while blue-flowered species 
lag slightly behind, reaching their 
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Figure 7. Plant species in blossom in the Hills, by month and flower colour. Notice how 
red and blue flowering species appear to have slightly different changes of monthly 
frequency compared with species with f lowcrsof other colours; theSeptember-October 
decrease in the number of red-flowering species coming into blossom and the post- 
August decline in brown or green flowers are particularly interesting, and should be 
investigated. Adaptation to pollinators' behaviour? 
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distinctly lower peak in September- 
October. Brown- or green-flowered 
species show the opposite trend, with 
an early flowering peak in August. 

Red-flowering plants show a 
peculiarly shaped peak period, with 
the greatest numbers blossoming in 
August (54 species ) and November 
(55), but only 45 and 46 species in 
September and October. 

Thelastgroup,which includes brown 
or green flowers, rises faster than any 
othergrouptoasharppeak in August, 
then declines slowly over the 
following months. 


POSSIBLE COLOUR- 
DIFFERENTIATING FACTORS 

If one correlates ultraviolet radiation 
with the number of flowering species 
after a 3-month lag onefinds remark¬ 


ably close correlations, irrespective of 
flower colour (Fig. 8). 

The number of yellow-flowering 
species varies (statistically) very 
rapidly with changes in UVR: for 
every additional UVR unit there isan 
average fall of 2.60 in the number of 
these species in blossom. The slightly 
more numerous white-flowering 
speciesshowa very similar trend, with 
a fall of 2.39 species for every UVR 
unit. 

The numbers of blossoming species 
with flowers of other colours, while 
still varying very closely with UVR 
(all correlations above 0.90), do so at a 
slower rate: 1.65 fewer species with 
red flowersandl.26fewerspecies with 
blueflowersforevery additional UVR 
unit. Thesmallmixedgroupof plants 
with brown,bronze,green,etc. flowers 
comes last, with a decrease of 1.01 
species for any additional UVR unit. 



FigureS.Correlationgraph between ultraviolet radiation and number of Hillsspecies in 
blossom, by colour and allowing for timelag. All correlationsexceed 0.90. Correlation for 
white-floweringplantsisshownmonthbymonthbythesmall dots, of which only the 
Oct/Jan one (October UVR, January flowering) is labelled. The sequence could be 
represented by a straight lineor even better by a parabola (equation at the top). Each line 
is distinguished by the flower colour, by a small negative number which shows the 
number floweringspecies lost’for an increaseof one unit of UVR,and by thecoefficient 
of correlation R. 
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Keighery (1996) mentions that bird- 
pollinated flowers are mostly red or 
yellow, never blue (for pollination by 
vertebratesseealsoBarrett 1995), while 
most insects are blind to red and thus 
are not attracted to red flowers. It is 
logical to expect that UVR affects the 
pollinators as well as the plants, and 
its effect on flowering time may be an 
indirect one.. 

CONCLUSION 

Water, light and warmth are all 
climatic elements needed for plant 
life; plants respond mostsignificantly 
to increases which follow a scarcity of 
any one of these elements, in Perth's 
climatetheincreased rainfall after the 
summer drought.. However, flower¬ 
ing is the result of complex processes 
which require some time to develop, 
and which areaffected by theamount 
of heat available, commonly 
measured by temperature. The 
normal lag between rainfall and 
flowering is about two months, but 
colder weather retards the effect of 
increased moisture by a further 
month. 

Northern Hemisphere spring and 
autumn seem to make some very 
slight difference to the sequence of 
flowering among Kings Park's 
naturalised species, with minor 
increases which are not found among 
native species. Among the Hills 
species, plants with white or yellow 
flowers respond regularly, after the 
same delays, to the stimulus of rain. 
Plants with red or blue flowers show 
someslightdifferencesinthestatistics 
of their monthly sequences of 
flowering, and this suggests that some 
other environmental factor may also 
be involved. 

Monthly values of ultraviolet 


radiation (UVR) correlate negatively 
with the numbers of flowering 
species, and if a lag of three months is 
allowed.correlateasclosely as rainfall, 
albeit negatively. If the lag is scaled 
f rom two months in summer to three 
months in winter, the negative 
statistical correlation between UVR 
and f loweringspecies becomesalmost 
perfect. Can this suggest that UVR is 
an inhibiting factor, or is all this only 
an extraordinary coincidence? Some 
experimental work may decide. 
Only phenological observations, over 
a number of years, may provide a 
sufficiently detailed and chrono¬ 
logically sound database to allow a 
really meaningful study of corre¬ 
lations between climatic elements 
and phases of plant life. It is not 
enough to be told that, say. 53 species 
of plants flowered in September, it 
must be recorded which September it 
was, and what were its climatic 
characteristics. 
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BREEDING VARANUS BREVICAUDA 


By GRAHAM G. THOMPSON 

Edith Cowan University, Joondalup Drive, Joondalup, W.A., 6027. 


INTRODUCTION 

There is a paucity of data on the 
reproductive biology of V. 
brevicauda (Pianka 1970, 1994: 
Schmida 1974: James et al 1992). This 
paper provides a description of the 
breeding time and artificial 
incubation period for two clutches 
of V. brevicauda eggs. 

RESULTS 

A wild caught (Carnarvon Basin, 
Western Australia) female V. 
brevicauda was seen to mate on the 
16 and 17 October 1994, a few days 
after it was caught. Four eggs were 
subsequently laid on 3 November 
and a fifth on 4 November, 1994. 
The body mass of the female after 
laying the eggs was 13.7 g. A long 
term captive (2 years) V. brevicauda 
laid four eggs on 7 November, 1994, 
and after laying the eggs had a body 
mass of 11.5 g. All eggs were 
incubated in a container of 
vermiculite-water mixture (1:1, 
based on mass) at 29 (± 1)°C. Eggs 
were inspected weekly and sprayed 
with a fine mist of water. 

Two of the wild caught eggs 
hatched on 18 February 1995, 107 
days later. Two of the eggs from the 
long term captive V. brevicauda 
hatched on the 24 and 25 February, 


1995, after 108/109 days (Plate 1). A 
fully formed neonate failed to 
hatch and the egg was opened on 
the 27 February, 1995. The mass, 
snout-to-vent (SVL) and total 
length (TL) of the neonates are 
shown in Table 1. 

Neonates were maintained in a 
small, indoor glass aquarium with 
an incandescent light providing the 
heat source 10 hours per day. The 
four neonate V. brevicauda readily 
ate small crickets and mealworms. 
The smallest V. brevicauda died on 9 
May 1995; the cause was unknown. 

The growth rate of the neonates 
was very rapid during the first 
month, with one goanna almost 
doubling its mass in 30 days ('^I, 1.8 
to 3.4g). As the cooler weather 
arrived, their feeding noticeably 
decreased and they became much 
less active each day, with the 
consequence that their rate of grow 
slowed. The light source was 
decreased to approximately 4 hours 
per day in early April, then to 4 
hours per day every second day in 
early May. The rate of growth for 
these four neonates was almost 
linear on a log-log plot. During the 
first 150 days of life, SVL (mm) 
increased at the rate of 
44.67days®°^''^ and body mass 
increased at the rate of 1.63days^’l 


119 



Plate 1. Neonate Varanus hrevicauda at birth showing egg case 


DISCUSSION 

Clutch size for V. brevicauda appears 
to be generally about two or three 
(Pianka 1970; 1994, Schmida 1974) 
suggesting that the clutch sizes for 
these two V. hrevicauda are higher 
than might be normally expected. A 
clutch size of two for V. brevicauda is 
consistent with that predicted for a 
goanna of this size from the 
correlation between SVL and clutch 
size for other varanids (James et ai 
1992). James et al (1992) suggest the 


Table 1. Size of five V. brevicauda at birth 



Mass 

(g) 

SVL 

(mm) 

TL 

(mm) 

Lizard 1 

1.3 

40 

88 

Lizard 2 

1.8 

48 

100 

Lizard 3 

1.8 

48 

98 

Lizard 4 

2.2 

48 

94 

Lizard 5 (dead) 

2.3 

48 

96 


reproductive period in a natural 
environment is probably between 
October and December, which 
concurs with the findings reported 
here. Hatching in February provides 
the neonates with a couple of 
months of warm weather to forage 
and increase fat stores to enable 
them to survive the period of 
winter inactivity if they live in the 
inland areas (Pianka 1994). although 
I found them active in July at 
Cleaverville. 

Schmida (1974) reports hatching 
three V. hrevicauda at a temperature 
between 18 - 25”C with the eggs 
being laid in October. The period of 
incubation is unclear. He reports 
their total length at birth at 80 mm. 
appreciably smaller than the five V. 
brevicauda reported here. 

Within two days of hatching, these 
neonates would arch their necks, 
and inflate their gular pouch and 
abdomen in response to a finger 
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being placed within the vicinity of 
their head. This aggressive stance has 
been note in adult V. hrevicauda 
(Pianka 1995) and in other larger 
species (Green and King, 1993). 
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OVIPOSITION BY WATER BUGS (HEMIPTERA: CORIXIDAE) 
INDUCES CHANGES IN DISSOLVED OXYGEN AND 
TURBIDITY MEASUREMENTS IN THOMSONS LAKE, 
WESTERN AUSTRALIA. 


By MARK C BAILEY and DAVID R HAMILTON 
Centre for Water Research, University of Western Australia, 
Nedlands, Western Australia 6907. 


ABSTRACT 

In a sequence of data recorded at 15 minute intervals in a shallow 
iakein Western Australia, marked stepsupward in turbidity and a 
significant drop in dissolved oxygen coincided with a period of 
oviposition by aquatic Hemiptera (Corixidae). It is proposed that 
the steps in the turbidity data reflect the times of oviposition and 
that the drop in dissolved oxygen can be attributed to respiration 
by the Corixidae. 


INTRODUCTION 

In recent years the collection of large 
quantities of data with a high degree 
of spatial and temporal resolution has 
becomecommonplace in lakes due to 
advances in the technology associated 
with instrumentation and data 
storage (Imberger, 1994). The instru¬ 
ments are generally not deployed 
underwater for extended periods of 
time, as fouling from biological 
activity and deterioration of the 
equipment compromises the 
accuracy of the readings. In instances 
of prolonged data collection,a regular 
schedule of maintenance and 
recalibration is usually required to 
keep measurement errors to a 
minimum. If there is a fouling event 
between instrument checks the data 
set may be useless for the original 
purposes of the study. Alternatively, 
such an event may provide 


information about the organisms 
responsible for the fouling. 

In a study conducted between 1 
August 1994 and 29 November 1994, 
data were collected from the shallow 
Thomsons Lake at 15 minute 
intervals continuously over periods 
ranging from 3 to 10 days. The 
objectiveof this study was toexamine 
therelationshipsbetween wind, light, 
fluorescence and physical properties 
of the water column over short time 
scales. During a 5 day data collection 
period in November 1994 an 
oviposition event caused fouling of 
the instruments.Theeventcoincided 
with anomalous measurements of 
dissolved oxygen and turbidity in the 
lake on 17 and 18 November 1994. 

Identification of the eggs (see Fig.2) 
indicated that they were deposited 
by an aquatic water bug of the family 
Corixidae (Hinton, 1981; CSIRO. 1991). 
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Figure 1. Location and bathymetry of Thomsons Lake. The data in this paper was collected 
at the station marked (X). 


The closely packed eggs were attached 
to the surface of submerged plants 
and objects by the stalks. Voucher 
specimens of these eggs have been 
preserved at the Department of 
Zoology of the University of Western 
Australia. A macroinvertebrate moni- 
toring program conducted in 
Thomsons Lake in October 1994 
(Cheal &. Davis, 1995) also confirmed 
the presence of at least two species of 
Corixidae, Agraptocorixa eurynome 


(Kirkaldy) and Micronecta robusta 
(Hale). 


DESCRIPTION OF STUDY SITE 

Thomsons Lake (Fig. 1), is shallow 
(maximum depth - 1.5 m), flat bot¬ 
tomed and approximately circular 
(diameter -1600 m). The lake is 20 km 
south of Perth. Western Australia and 
7 km inland from the Indian Ocean. 
It is primarily a surface expression of 
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the water table but it is also fed by 
some very small surface tributaries 
that enter the lake through the 
surrounding rush beds. The lake 
forms a part of a large chain of 
wetlands on the Swan Coastal Plain, 
described by Balia (1994). It is presently 
considered to be becomingeutrophic, 
due in part to pressure from urban¬ 
isation (Cheal & Davis, 1995). 


MATERIALS AND METHODS 

A small platform was erected above 
the waterline in 1.4 m of water at the 



Figure 2. Unhatchcd eggs (Hemiptera: 
Corixidac) taken from the YSI/SONDE 
probe housing. The diameter of theeggs is 
approximately 0.6 - I mm and the stalk 
length isapproximately 1 mm. 


location shown in Fig. l.This platform 
was used for the deployment of a 
Grant/Yellow Springs Instruments 
(YSl) model 3800 SONDE and logger 
at a depth of 0.9 m. This instrument 
was used to measure dissolved oxygen, 
turbidity, pH, temperature and 
conductivity. The dissolved oxygen 
probe was equipped with a 
mechanical stirrer which vibrated 
vigorously and as a consequence the 
membrane of the probe was prevent¬ 
ed from becoming fouled. Turbidity 
is a measurement of the scattering of 
light in the water column. In the 
turbidity probe a light signal passes 
through a bundle of optic fibers and 
the reflected back scatter of light is 
measured via the same optic fibers. 
Any foulingoftheendsof these fibers 
would result in an increase in the 
measured turbidity proportional to 
the amount of fouling. The increase 
in measured turbidity would remain 
until the sensors were cleaned. 


RESULTS AND DISCUSSION 

On 15 November 1994 (day 319) it was 
noted that a small number of eggs 
had been laid on the platform legs 
below the water level. On a return 
visit on 22 November 1994 (day 326) 
the probes in the SONDE were found 
to be fouled with eggs with the 
exception of the vibrating dissolved 
oxygen probe. The platform legs 
below the water level were also 
thickly coated with eggs. Figure 3 
shows the probes and the probe 
housing after the egg laying event, 
there are a large number of eggs 
attached to the probe housing. The 
turbidity probe is visible in the 
foreground.Thereweresomeeggslaid 
on the surface of the optic fiber 
bundle which is 6 mm in diameter. 
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Figure 3. The YSl/SONDE probe. 22 
November, 1994. Clusters of eggs can be 
seen attached to the probes and the probe 
guard (top). The turbidity probe is foremost 
and the dissolved oxygen probe is to the 
left of the turbidity probe 


Because the turbidity probe is small, a 
single egg (0.6 - I mm diameter) laid 
on the bundle of optic fibers would 
be sufficient to cause a step up in 
turbidity readings. 

Figure 4 shows a discontinuous 
sequence of turbidity data measured 
betweenday296and326.Theincrease 
in turbidity between day 306and day 
318 was a result of an increase in 
phytoplankton concentration and 
matched corresponding increases in 
chlorophyll a and light attenuation 
(Bailey and Hamilton, in press). How¬ 
ever, the most prominent feature of 
thefigureisthefourstepped increases 
in turbidity, commencing at the end 
of day 320. The large jumps in 
turbidity measurements were caused 
by eggs bei ng laid on the exposed ends 
the optical fibers of the turbidity 
probe. Because turbidity was recorded 
at 15 minute intervals, the times at 
which clusters of eggs were laid can 
easily be determined. Higher 
resolution turbidity measurements 
together with other relevant 
parameters give a more complete 
picture of the fouling event. In Fig. 
5a, the first step in turbidity occurs 



1994 Julinn Day 

Figure 4. A sequence of turbidities measured at 15 minute intervals in nephelometric 
turbidity units (NTU). The effects of fouling on turbidity probe measurements are 
Illustrated by the values recorded after day 320. 
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Figure 5. Physical data sequences pertaining to the oviposition event, day 319 to day 
324 of 1994 {16 November to 20 November); (a) the fine line is wind speed 10 m above 
water surface (ms’) and the heavy line is turbidity at a depth of 0.45 m. in 
nephelometric turbidity units (NTU): (b) the fine line is light intensity measured 0.3 m 
below the water surface (pEm ^s') and the heavy line is dissolved oxygen (mgl') at a 
depth of 0.45 m. 


just before 24:00 h on day 320, larger 
steps occurred in the half hour 
following sunset on day 321 and after 
sunset the following evening of day 
322 and the last recorded step occurs 
late in the evening (21:00 h) of day 
324. The implied rhythm of 
oviposition is circadian, which is 
similar to thatobservedin many other 
insect species (Saunders. 1982). 

Turbulent conditions did not appear 
to have an effect on the egg laying as 
thermistor chain data showed that 
the lake was isothermal vertically, 
experiencingfully turbulent mixing 
on days 322 and 323, with wind speeds 
at 10 m height exceeding 5 ms ' (see Fig. 
5a). 

Measurements of dissolved oxygen 


concentration in Thomsons Lake 
showed a diurnal cycle typical of 
productive lakes (Fig. 5b). The 
dissolved oxygen concentrations 
would reach a maximum prior to 
dusk due to the photosynthetic 
activity of the phytoplankton, and a 
minimum prior to sunrise due to 
respiration (George.1961; Wetzel, 1983). 
There were long term drifts in the 
dissolved oxygen concentration due 
to growth and mortality of phyto¬ 
plankton populations (chlorophyll a 
concentrations ranged from 20 pg/L 
to 67 pg/L), changes in water 
temperature (range: 15 °C to 26 °C), 
mixing events and gradual deterior¬ 
ation of the oxygen probe membrane. 
However, we have no previous 
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recorded instances of an overnight 
depression of the scale of the one 
observed at Thomsons Lake in the 
early morning of 18 November (day 
322). 

During the time of the oviposition 
event the lake flora was dominated 
by two algal species. Microcystis 
aeruginosa, which was increasing in 
concentration, and Anabaena 
circinalis, which was abundant but 
declining in concentration (Bailey 
and Hamilton, in press). This 
depression is not explained by the 
collapse of a phytoplankton bloom 
as the dissolved oxygen values return 
to the longer term trend in the period 
following day 322. A large collapse of 
a bloom and the associated oxygen 
uptake would have had a longer term 
effect on the measured con- 
centrationsofdissolved oxygen in the 
lake. 

We believe that the depression in 
dissolved oxygen is symptomatic of 
increased uptake due to respiration 
of the aquatic biota. In this instance 
we attribute it to the presence of the 
Corixidae, which have the ability to 
remain submerged for sustained 
periods by breathingair from a bubble 
trapped against their body. This 
bubble functions as a physical gill, 
theoretically capable of drawing 
nearly 13 times the original oxygen 
volume from the surrounding water 
through the bubble surface. Reviews 
of this mechanism can be found in 
Hinton (1981) and Ward (1992). As the 
drop in dissolved oxygen occurs at a 
period when the turbidity data 
suggests that oviposition was occur¬ 
ring, this explanation seems the most 
plausible. 

We postulate that the majority of the 
eggs were laid on the probes during 
the oviposition event recorded on day 


322 and that the drop in dissolved 
oxygen on this day was a highly 
localised event, due solely to a swarm 
of Corixidae present in and around 
the probe housing which laid the 
bulk of the eggs seen in Figure 3. 
Further steps up in turbidity on 
subsequent days were due to a 
continuation of the oviposition with 
acircadianrhythm.albeit at a reduced 
level of activity. The turbidity data 
only allows us to comment when 
steps occurred and theabsenceof steps 
in turbidity data on days 323 and 324 
doesn’t necessarily imply an absence 
of oviposition. The probe is small and 
the probability of eggs being deposited 
on it is obviously reduced if few 
Corixidae are present. 

The time of the largest recorded 
oviposition event also coincided with 
a full moon on 18 November, 1994 
(day 322) which could be due to the 
Corixidae sharing a trait with other 
aquatic insects in exhibiting 
periodicity with the moon. e.g.,Povilla 
adusta (Corbet et al., 1974) and Clunio 
marmus (Neumann, 1976). However, 
there is no evidence in the literature 
to support this as a feature of 
Corixidae behaviour, nor is there any 
obvious environmental or evolution¬ 
ary explanation. 


CONCLUSION 

A sequence of data collected from 
instruments fouled by an oviposition 
event from water bugs of the family 
Corixidae has provided insight into 
theecologyof thebugs.Turbiditydata 
suggest that oviposition occurred 
with a circadian rhythm and that the 
preferred timeforoviposition was the 
evening. Turbulent conditions did 
not appear to impede oviposition. An 
abnormally large drop in dissolved 
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oxygen concentration on one night 
is best explained by an increase in 
respiration due to oviposition by large 
numbers of water bugs near the 
oxygen sensor, the insect drawing 
oxygen from the surrounding water 
using its attached air bubble as a 
physical gill. 
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ABSTRACT 

Methods for thelivecaptureof rabbits were examined to determine 
which combination gave the best capture rates. Wire-mesh cage 
traps with treadle mechanisms were more successful in capturing 
rabbits than weresimilar traps operated by an arm trigger mechanism 
(P<0.01). Diced carrot bait also gave a greater capture rate than did 
whole carrot (P<0.01). Flexinetelcctric fencing was used successfully 
to contain rabbits over 3-5 consecutive days in an area saturated 
with cage traps.and lead tothecaptureofanumber of individuals 
not caught by earlier trapping using standard techniques. The 
electric fence waseffectiveincontainingrabbitsat voltages as low 
as 2.0 kilovolts, however the best results were obtained when the 
fence was operating at 5.0 kilovolts or higher. 


INTRODUCTION 

In any long-term population study 
involving livecaptureof animals, the 
use of consistent and efficient 
trapping techniques is essential. 
Several papers have compared the 
efficiency of various small mammal 
traps, and have also provided 
information on the response of 
different species, sexes, and age classes 
of animals to different types of traps 


(see Wiener and Smith 1972, Shepherd 
and Williams 1976,Shepherdetal.l978, 
Getz et al. 1986, Thompson and 
Macaulay 1987), but few of these 
studieshaveconcentratedspecifically 
on rabbits (see Rowley 1959, Shepherd 
etal.1978). 

As part of the Cooperative Research 
Centre for Biological Control of 
Vertebrate Pest Populations, we have 
established a three year experiment 
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METHODS 


in thesouthwestof Western Australia 
todetermine the level of sterility that 
would need to be imposed on free- 
ranging female rabbits to cause a 
population decline. The ability to 
catch all rabbits is integral to the 
success of this experiment as we need 
to surgically sterilise the appropriate 
portion of each year’s female cohort. 
The refinement of trapping 
techniques also has relevance to con¬ 
servation and rabbit control, particu¬ 
larly in urbanised areas where the use 
of poisons is restricted. 

For these reasons, we examined the 
effectiveness of various trapping 
methods for the live-capture of 
rabbits to determine which type of 
cage trap was the most efficient, and 
to highlight any effects of trap type 
on captures of kittens and adult 
rabbits. We also conducted pre¬ 
liminary investigations on how bait 
presentation affected trap success, 
and examined the effectiveness of a 
rabbit-specific electric fence as a 
barrier to rabbits. 


(a)Treadle trap 



Study Area 

The fertility control experiment was 
undertaken in the southwest of 
Western Australia. Australiaapproxi- 
mately 5 kilometres north-west of 
Wellstead(34“22'S.119“2'E).Usingcon- 
ventional rabbit-proof fencing. 12 
discrete rabbitpopulations(sites)have 
been established by enclosing areas of 
refuge vegetation (mostly road-side 
verges) on threesidessuch that move¬ 
ment of rabbits is only minimally 
interfered with as they travel out to 
feed in the pasture adjacent to the 
open fourth side. These sites are 
between 320 to 400 m long and 60 to 
100 m wide, and a fenced buffer zone 
extends for at least 300 m on both 
ends of each unit. Except for three 
occasions, the rabbit populations used 
during the comparison of trap types 
had prior exposure to a variety of 
capture methods. 

Trap Comparisons 

Wecompared two types of wire-mesh 


(b) Arm trap 



traps used for the efficacy trials. Both trap types measured 480 x 220 
X 220 mm and were constructed from 12.5 x 12.5 mm wire mesh. 
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Figure 2, Interaction graphs for each of the trap tests performed. The field tests were 
undertaken in the south west of Western Australia. Australia during 1992 and 1993. 
Seven sites (n =7) were used for each test. Comparisons are for all rabbit captures, adult 
captures only, and kitten captures only for treadle (T) and arm (A) traps with (S) and 
without (NS) shade cloth. 



133 

















cage traps: 1) the Commonwealth 
Scientific Industrial Research 
Organisation (CSIRO) -designed "arm 
trap” with a side-mounted wire arm 
which, when pushed forward, triggers 
the closure of the door (Fig. 1), and 2) a 
"treadle trap" of similar design but 
with a floor mounted treadle door 
trigger(Fig.l).Both traps were thesame 
size (580 mm long x 220 mm wide x 
220 mm high) and were constructed 
from 12.5x 12.5 mm wire mesh. Carrots 
were used to bait both trap types. We 
also covered some traps with shade 
cloth, resulting in four trap 
variations: treadle with shade cloth 
(TS). treadle without shade cloth 
(TNS). arm with shade cloth (AS) and 
arm without shade cloth (ANS). Only 
two types of trap (variations) were 
compared at any one time, with the 


specific comparisons being TNS vs 
ANS. TNS vs TS. and TS vs AS. 

For each comparison, we placed 20 
traps of each type in a grid formation 
2 traps wide and 20 traps long with 
20 m spacing between traps, ensuring 
adjacent traps were always of the 
alternative type. 

Traps were set every afternoon, at 
dusk, for four consecutive days, and 
checked each morning at day-break. 
We undertook the comparisons 
between 2nd September 1992 and 8th 
February 1993. We only included data 
for analysis if trap success was less 
than 70%. which ensured that rabbits 
used for the comparisons had ample 
opportunity to enter either trap type. 
Each comparison was undertaken 
once only on a site. We also recorded 
the number of traps entered with the 


Table l.AnalysisofVariance{Randomised Block Design)of thedifferent trap typesfor all 
rabbitcapcures.andadultsand kittens separately. Thefield tests were undertaken in the 
south west of Western Australia during 1992 and 1993. Each comparison was carried out 
on seven sites with I df for each test. 

TNS, Treadle trap without shade cloth: TS, treadle trap with shade cloth; ANS, arm trap 
without shade cloth: AS, arm trap with shade cloth. "False" captures occurred where the 
bait was removed but the trap was not triggered. 


Parameter 

Comparison 

F 

P 

Interpretation 

All rabbits 

TNS vs ANS 

26.56 

0.01 

more captures in TNS 


TNSvsTS 

4.63 

n.s. 

nodifference 


TSvsAS 

32.76 

0.001 

more captures in TS 

Adultsonly 

TNS vs ANS 

15.59 

0.01 

morecaptures in TNS 


TNSvsTS 

0.23 

n.s. 

nodifference 


TS vs AS 

22.29 

0.01 

more captures in TS 

Kittensonly 

TNS vs ANS 

22.63 

O.OI 

more captures in TNS 


TNSvsTS 

9.94 

0.05 

more captures in TS 


TSvsAS 

22.70 

0.01 

more captures in TS 

"False"captures 

TNS vs ANS 

11.74 

0.05 

morefalsecapturesinANS 


TSvsAS 

12.05 

0.05 

more false captures in AS 

“False” plus 

TNS vs ANS 

2.59 

n.s. 

nodifference 

realcaptures 

TSvsAS 

0.92 

n.s. 

nodifference 
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bait removed but not triggered (ie no 
captures = false captures). 

Presentation Of Bait 
We consistently use diced carrot as 
our bait during thesterility trials, and 
this was the bait used during our trap 
comparison study. However, we also 
tested whether diced carrot or whole 
carrot maximised trap success for our 
rabbit populations once they were 
already habituated to carrot bait. 
Carrots were diced into 
approximately 1.5 cm cubes (average 
weight 4.62 ± 1.29 g: n = 40), and the 
tests were carried out on three of the 
12 sites during 19th February to 13th 
October 1993. 

We baited the traps with one of the 
carrot presentation methods and left 
every third trap with no bait at all to 
leave a buffer between each pair of 
whole and diced carrot treatments. A 
grid of 4 X 20 plus one extra trap was 
used and we alternated the three 
treatments(wholecarrot,diced carrot, 
no bait) such that the type of bait in 
consecutive traps was always 
different in either direction. Traps 
were baited in the late afternoon and 
checked for captures early the next 
morning. Only one type of trap was 
used during each test and all three 
sites used had been trapped 
previously. 

Electric Fence Trapping 
As part of our experimental 
procedure in the sterility trial, we use 
an electric fence as a barrier to hold 
rabbits within their bush refugeaway 
from their normal feeding areas. This 
enables intensive trapping of the 
bush refuge at each of our 12 sites to 
ensure that all rabbits have been 
captured during the period when 
sterility isimposed.Thisoccursduring 


February to March in each year and 
involves erection of a self-supporting, 
portable Flexinet Rabbit Netting 
(distributed by Staf ix Electric Fencing 
Ltd, New Zealand) barrier on the 
fourth, unfenced side of our 
treatments.Theelectricfenceconsists 
of 46 m (50 yard) panels which 
interconnect to form a 0.5-m high 
continuous barrier 320 to 400 m in 
length. Details of the fence structure 
are referred to in McKillop et ai (1992). 
The fence was powered by a single 
10,000-volt Gallagher energiser 
located in the middle of the fence 
line. The energiser was powered by a 
heavy duty 12-volt deep cycle battery. 
The charge was maintained by a 
Solarex MSX-I8 solar panel. The 
voltage of the fence was measured at 
least twice each day to ensure it was 
operating effectively. Because of the 
sandy, non-wetting soils at our sites, 
we occasionally had problems 
obtaining a good earth, and this 
necessitated running an earth tape 
on the ground in front of the fence. 
We saturated the bush refuge area 
inside the electric fence with 120 to 
180 conventional cage traps. An 
additional line of 20 traps placed 
outside the electric fence in the 
pasture feeding areas allowed us to 
capture any rabbits breaching the 
fence. 

Analyses 

We compared the trap types using 
analysis of variance (anova) for a 
random block design (Zar 1984). We 
examined these data in two ways; 1) 
using all rabbit captures (including 
recaptures) and 2) using first captures 
only.Each of thesedata sets were then 
further divided into subsets of adults 
and kittens for separate analyses. 
Interaction graphs were used to 
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examine whether site differences, or 
the interval of time between each trap 
session, had any affect on the success 
of each trap type. Comparisons 
between diced and whole carrot were 
made usingChi-squareanalyses, with 
those captures which occurred where 
no bait was provided excluded from 
the analyses. 

The data obtained when the electric 
fence was used as a trapping aid, were 
used to examine trap success inside 
and outside the electric fence, the 
number of breaches of the electric 
fence, and the influence of fence 
voltages on these breaches. No 
statistical tests were applied to the 
electric fence capture data due to the 
large difference in trap nights (TN’s) 
inside (bush refuge; 420 - 728 TN’s) 
and outside (pasture feeding area; 60 
- 80 TN’s) the electric fence. Trap 
success (%) was calculated as: Trap 
Success (%) = (total captures/trap 
nights) X 100. 

RESULTS 
Comparison of Traps 

The comparisons between the 
different trap types are presented in 
Table 1 and Fig. 2. Analyses based on 
all rabbit captures show that treadle 
traps, with or without shade cloth, 
caught more rabbits (P’s <0.01; Table 1) 
than the corresponding arm traps. 
The response of kittens appeared to 
differ from that of adults-, more 
kittens were caught in treadle traps 
with shade cloth than those without 
shade cloth (P<0.05; Table 1 and Fig. 2). 
The data for first captures only are 
not presented here but they gave 
similar results to the analyses of all 
rabbit captures. Figure2clearly shows 
that rabbit captures followed similar 
trends on each site, despite the 


differences in rabbit densitlesand the 
timeofyearthatindividual tests were 
conducted. Traps which had bait 
taken from them without capturing 
a rabbit and without being set off, are 
referred to as false captures in Table 1. 
Arm traps had significantly more 
instances (P < 0.05) of false captures 
than did the treadle traps. 

By combining the data for real 
captures with the data for false 
captures (which in theory should 
have caught a rabbit), we were able to 
examine whether rabbits reacted 
similarly to both types of cage trap. 
There was no significant difference 
(TS vs AS P= 0.38, TNS vs ANS P=0.18) 
in the type of trap rabbits chose to 
enter (Table 1), indicating that it was 
the trigger mechanism of the arm 
traps which was responsible for their 
poor efficacy rather than the failure 
of rabbits to enter these traps. 

Presentation of Carrot Bait 

Chi-squareanalysesofrabbitcaptures 
showed that diced carrot was 
significantlybetterthanwholecarrot 
(P<0.05). with 31 captures for whole 
carrot and 52 captures with diced 
carrot. Interestingly, there were 11 
captures in the traps which contained 
no bait of any kind. 

Electric Fence 

The electric fence was a very efficient 
barrier to rabbits (Table 2). Spotlight 
counts of tagged rabbits indicated 
that we had caught all rabbits at this 
time. There were generally few 
breaches of the fence, as indicated by 
low rabbit capture rates for the traps 
in the pasture feeding areas. Even 
when fence voltage fell to as low as 2 
kV, most rabbits were still retained 
behind the fence in the bush refuge 
area.There weresome instances where 
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Table 2. Electric fence voltage and associated trap success {%) on the inside (refuge bush 
containment area)andtheoutside{pasturefeedingareas)of the Flexinetelectricfencefor 
field trials carried out in the south west of Western Australia during 1992 and 1993. 


Site-year 

TN's 

Insidefence 
%Trap Actual 
success captures 

TN’s 

Outsidefence 
%Trap Actual 
success captures 

Fence voltage (kV) 
Mean Range 

2-1993 

420 

53.8 

226 

60 

16.7 

10 

3.67 

2.0-6.0 

4-1993 

426 

14.8 

63 

60 

0.0 

0 

6.93 

5.8-8.1 

5-1993 

480 

18.1 

87 

60 

0.0 

0 

7.13 

4.9-8.4 

6-1993 

480 

15.2 

73 

60 

0.0 

0 

7.25 

5.8-8.4 

10-1993 

560 

16.4 

92 

80 

0.0 

0 

7.49 

6.8-8.5 

12-1993 

480 

19.4 

93 

80 

1.3 

1 

6.32 

4,8-7.5 

1-1994 

420 

13.1 

55 

60 

0.0 

0 

5.84 

5.1-8.1 

2-1994 

728 

44.0 

320 

80 

3.8 

3 

5.93 

5.3-6.3 

3-1994 

640 

26.9 

172 

80 

1.3 

1 

4.47 

3.1-5.8 

4-1994 

728 

23.2 

169 

80 

8.8 

7 

4.51 

2.6-6.2 

5-1994 

474 

19.4 

92 

60 

0.0 

0 

5.91 

4.3-6.8 

6-1994 

474 

15.6 

74 

60 

0.0 

0 

5.42 

4.3-6.6 

9-1994 

420 

25.0 

105 

60 

1.7 

1 

4.69 

2.2-5.9 

10-1994 

584 

22.3 

130 

80 

3.8 

3 

5.17 

3.0-8.4 

12-1994 

720 

12.2 

88 

80 

3.8 

3 

5.38 

4.2-6.5 


breaches, and some chewing of the 
conductive wires, occurred at the low 
voltages. The fence appeared to work 
best at voltages above 5 kV (Table 2). 
Use of the electric fence enabled the 
capture of 14 tagged and 28 tagged 
rabbits in 1993 and 1994. respectively, 
that had evaded capture through 
conventional trapping prior to the 
electric fence trapping. These values 
only include rabbits which could be 
positively differentiated from 
immigrant rabbits. 

DISCUSSION 
Comparison of Traps 

Our study indicated that the wire 
mesh cage traps with a treadle 
mechanism are more effective in 
capturing rabbits of all ages than are 
similar traps with an arm mechanism. 


Our literature search failed to locate 
any other study comparing arm and 
treadle cage traps, but Sladeet ai.(1993) 
examined the effect of trap length 
on the trap success for rabbits. They 
found thatshorter traps gaveagreater 
number (P < 0.000 1) of false captures 
(bait taken but no capture). Although 
all our traps were the same length, 
our study demonstrated that the arm 
traps had a significantly greater 
number of false captures. This, 
together with the fact that both trap 
ty pes were acceptable to rabbits (Table 
1), indicate that it is the arm 
mechanism that is responsible for the 
poor efficacy of the arm traps. 

Chapman and Trethewey (1972) and 
Daly (1980) found age. sex and season 
to be determinants of the response to 
traps by cottontails (Sylvilagus) and 
European rabbits. They found 
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females were less trappableduring the 
breeding season and juveniles were 
more trappable than adults. In our 
study, comparisons were carried out 
at the end of the breeding season and 
also in the summer months. 
Consequently, we are unable to 
directly compare our data with those 
of Chapman and Trethewey (1972) 
and Daly (1980). However, results from 
a similar trapping program at Well- 
stead (our unpublished data) support 
their general conclusions. Our cur¬ 
rent study showed that kittens were 
caught more often in traps which 
included shade cloth (Table 1). This 
information may be useful where 
juvenile rabbits need to be targeted. 

Ourstudydidnotspecifically address 
sensitivity of the trigger mechanisms 
of the two types of trap. Both trap 
types caught rabbits of all ages, but 
the arm mechanism appeared to be 
less sensitive than the treadle as it 
relies on being pushed, rather than 
being stepped on. Adult rabbits were 
observed reaching over the arm 
mechanism to obtain carrot without 
moving the arm sufficiently to set 
off the trap. Arm traps were also 
observed with the arm pushed 
toward to the front of the trap, 
effectively locking the trap open. 

Presentation of Bait 

Opinion on suitable baits for 
attracting rabbits to traps differs 
among authors. In a study in New 
South Wales Australia, Daly (1980) 
found that European rabbits 
preferred oats, showing little interest 
in carrots when offered a choice 
between these two baits. Chapman 
and Trethewey (1972) did not use any 
bait when trapping eastern cottontail 
(Sylvilagus floridanus) and brush 
rabbits (S. bachmani) in Oregon, USA. 


Bell et al (1983) sprayed diced carrot 
with rabbit urine, but found no 
increase in the attractiveness of the 
carrot to European rabbits. Our 
preliminary investigation into the 
presentation of bait showed that 
rabbits preferred diced carrot to whole 
carrot. Thus, even in our habituated 
populations, dicing of carrot was 
necessary to obtain maxi-mum 
capture rates. Rowley (1959) tested 
carrot pieces of different weights and 
concluded thatSgcarrot pieces (11/16 
inch cubes) were the size preferred by 
European rabbits in a field-based 
feeding trial. Preference for a certain 
size of bait may relate to the ability of 
rabbits to pick up the bait and take it 
elsewhere if disturbed whilst feeding 
(Rowley 1959). Our diced carrot pieces 
(also cubes) had an average weight of 
4.62 ± 1.29 g (n=40). and our rabbits 
were probably relat-ing to these in a 
manner similar to the rabbits 
observed by Rowley (1959). 

Electric Fence Trapping 

Flexinet electric fences are used 
extensively for containment of a 
variety of animals, but most of these 
studies have been confined to Eu rope. 
In Great Britain, McKillop et al (1992) 
compared Flexinet electric fences 
with strained electrified wires, in 
relation to reducing crop damage by 
rabbits,and found Flexinet to be 100% 
effective in preventing rabbit 
damage. During our study, Flexinet 
also successfully prevented rabbits 
from gaining access to their feeding 
areas for the 3-5 days that the fence 
was in place,althoughasmalI number 
of breaches did occur when fence 
voltages became low (< 2 kV). 

Conclusions 

While caution is required when 
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extrapolating across species, we 
suggest that the treadle mechanism 
would be the best trigger mechanism 
to first consider when designing traps 
to catch other species of a size similar 
to that of rabbits. The addition of 
shade cloth may also be a worthy 
consideration for some species. 

Flexinet electric fence has the 
potential to increase captures during 
trapping surveys of animals of a 
suitable size (e.g. some small 
macropods, possums, bandicoots), 
particularly where absolute numbers 
of animals need to be caught. It has 
also been used successfully to assist 
with rabbit control programs in and 
aroundsmallstandsof remnant bush 
in Western Australia, where it has 
been effective in directing European 
rabbits onto poison oat trails (M. 
Robinson, APB, personal communi¬ 
cation). Although the initial cost 
outlay is relatively high (a 50 yard (46 
m) roll in 1995 cost US $190), the 
portable nature of Flexinet has much 
appeal. Using Flexinet as an aid to 
vertebrate pest control may be 
benefical during the conservation of 
small, but important stands of 
remnant vegetation, and a study 
investigating the long term efficacy 
and cost benefits of this approach 
would be worthwhile. Flexinet may 
also prove useful in mammalian 
conservation where it could be used 
to confine suitably sized mammals 
during the initial stages of reintro¬ 
ductions and/or to confine those 
species whose ability to provide 
parental care is reduced following 
human disturbance. 
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ADDENDUM - ERRATA 


Correction tO: 

RHIND, S.G. 1996. Habitat tree re¬ 
quirements and the effects of re¬ 
moval during logging on the marsu¬ 
pial Brush-tailed Phascogale 
(Phascogale tapoatafa tapoatafa) 
in Western Australia. The Western 
Australian Naturalist 21(1): 1-22. 

Some data presented in the above 
paper has been found to be in error. 
The incorrect data relates to sur¬ 
veys of logged coupes. This data 
(Table 4.), relevant text (pages 14- 
15) and related conclusions and 
criticisms based on these are re¬ 
tracted. Examination of a recent 


aerial photograph shows that 
coupe sizes were over-estimated in 
area and approximately two hect¬ 
ares were missed during original as¬ 
sessment. Re-evaluation of habitat 
tree numbers/area indicates the re¬ 
tention rate of marked habitat 
trees was consistent with policy re¬ 
quirements. 

Given errors in original data collec¬ 
tion, all data obtained during post¬ 
logging coupe surveys of trees are 
considered unreliable until reas¬ 
sessed. Data presented elsewhere in 
the paper remains unaffected. 

S. G. Rhind 
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ERRATA 


BROOKER. MG.. SMITH, G.T.. 
SAUNDERS. D.A.. INGRAM, J.A.. 
LEONE, J. and DE REBEIRA, C.P.S. 
1995. A bilogical survey of Garden 
Island, Western Australia: I. Birds 
and reptiles. Western Australian 
Naturalist 20: 169-183. 


Tables 2 and 3 in the above paper 
inadvertently placed some figures 
in the wrong columns. These tables 
are reprinted here with the correct 
column placement. 


Table 2. Shore, marine and waterbirds seen on two "entire perimeter" Beach Counts of Garden 
Island (28 km) and results of similar counts on Rottnest Island (Rl) (37 km). 


Species 


WINTER SUMMER 

1/7/91 14-15/6/83 2/12/91 12-13/12/83 


W Coast E Coast Total Rl'*' W Coast E Coast Total RI"*- 


Southern Giant Petrel 
Australian Pelican 
Darter 

Little Pied Cormorant 
Pied Cormorant 
Eastern Reef Heron 
Rufous Night Heron 
Australian Shelduck 
Pacific Black Duck 
Osprey 

White-bellied Sea-Eagle 
Pied Oystercatcher 
Red-capped Plover 
Grey Plover 
Ruddy Turnstone 
Sanderling 
Red-necked Stint 
Red Knot 
Bar-tailed Godwit 
Whimbrel 
Grey-tailed Tattler 
Common Sandpiper 
Greenshank 
Silver Gull 
Whiskered Tern 
Caspian Tern 
Bridled Tern 
Fairy Tern 
Crested Tern 


2 * 


1 

48 


5 

8 

3 

5 

19 

5 

3 

4 


92 

11 

4 


190 


1 1 
1 1 


64 

65 

22 


52 

52 

2 

195 

243 

334 

43 

65 

108 

151 

1 

1 

1 


1 

1 

1 

1 

1 







5 

15 


2 

2 



8 


7 ** 





3 

12 

2 

9 

7 

1 

1 







5 

9 

14 

10 

24 

18 

16 

35 


43 

9 

52 


1 

6 

1 

19 

4 

23 

10 


3 

21 

18 

19 

37 

71 


4 

10 

105 

17 

122 

32 




3 

4 

7 





3 


3 




1 

8 

2 

10 

7 




1 

1 

2 





2 


2 

2 




1 

1 

2 

2 

251 




1 

1 


343 

Rec 

268 

147 

415 

Rec 


11 





1 

5 

11 

2 


2 





3 

3 

6 

24 



1. 

30 

3 

33 

262 

116 

306 

880 

14 

19 

33 

90 


• Seen at mainland end of Causeway 

** Plus 2 nestlings 

+ Saunders and de Rebeira (1986 & unpub.) 
Rec Recorded, not counted 
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Table 3. A comparison of the herpetofauna of Garden Island and Rottnest Island with 
an estimate of status based on this survey and Robinson el al. (1987) for Garden Island 
and Humphries and Slorr (1985) for Rottnest Island (C = common; UC = uncommon; R 
=s rare; E = extinct) 


Species 

Garden Is. 

Rottnest Is. 

Leptodactylidae - Southern Frogs 

Heleioporus eyrei 


C 

Ranidella insignifera 


C 

Hylidae - Tree Frogs 

Litoria moorei 


UC 

Gekkonidae - Geckoes 

Diplodactylus spmi^erus 

C 

c 

Phyllodactylus marmoratus 

UC 

c 

Pygopodidae - Legless Lizards 

Aprasia repens 


R 

Lialis burtonis 

C 

C 

Scincidae - Skink Lizards 

Cryptoblepharus plagiocephalus 

C 


Ctenoius fallens 


C 

Egemia kingii 

C 

UC 

Egemia napoleonis 


R/E 

Hemiergis qimdrilineata 

C 

C 

Bassiana trilineata 

UC 

UC 

Lerista elegans 


UC 

Lerista lineata 

UC 

E? 

Lerista lineopunctulata 


UC 

Lerista praepedita 

C 


Morethia lineoocellata 

R 

C 

Morethia obscura 

C 


Tiliqua rugosa 

UC/R 

c 

Typhlopidae - Blind Snakes 

Ramphotyphlops australis 


R 

Elapidae - Front-fanged Snakes 

Notechis scutatus 

C 


Pseudonaja affinis 


C 

Boidae - Python Snakes 

Morelia spilota 

C 
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